Photosynthesis in Phosphoenolpyruvate carboxykinase-type C4 plants: mechanism and regulation of C4 acid decarboxylation in bundle sheath cells.
The mechanism and regulation of C4 acid decarboxylation in phosphoenolpyruvate (PEP) carboxykinase-type C4 plants was examined in isolated bundle sheath cell strands. These cells decarboxylated added oxaloacetate to PEP at rates exceeding 2.5 mumol min-1 mg-1 chlorophyll when ATP was added. This requirement for ATP could be replaced by malate plus ADP; under these conditions this cytosol-located decarboxylation of oxaloacetate via PEP carboxykinase was sustained by respiratory ATP. It was confirmed that respiratory ATP production was linked primarily to the oxidative decarboxylation of malate via NAD malic enzyme. This process, measured as pyruvate production, was highly dependent on Pi. Besides being required to generate ATP, Pi had a second role which was probably associated with the transport of malate into mitochondria. Maximum rates of malate decarboxylation via NAD malic enzyme substantially exceeded the minimum rates necessary for providing ATP for cytosolic oxaloacetate decarboxylation. When malate was added with oxaloacetate, ADP and Pi rates of malate decarboxylation of between 3 and 4 mumol min-1 mg-1 chlorophyll were recorded. About half of this activity was sustained by the reoxidation of NADH coupled to reduction of oxaloacetate via malate dehydrogenase. When malate was added without oxaloacetic acid, respiration by these bundle sheath cells was stoichiometrically linked with the oxidation of malate to pyruvate. This malate-dependent respiration was stimulated by adding ADP or phosphorylation uncouplers; it was not significantly inhibited by including oxaloacetate. Possible mechanisms of regulation of the partitioning of C4 acid decarboxylation between PEP carboxykinase in the cytosol and mitochondrial NAD malic enzyme are discussed.